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T  helper cells (Lyt-I+/L3T4  +) have been shown to interact with macrophages 
and  B  cells in  a  major histocompatibility complex (MHC)-restricted  manner  as 
well  as  with  other  T  cells  in  a  receptor-directed  regulatory  idiotype  network 
(reviewed  in  1-4).  Recently  (5),  we  isolated  and  characterized  several self-Ia- 
reactive (autoreactive),  Lyt-l+2  -,  Ia- T  cell clones from normal,  unimmunized 
DBA/2  mice.  These autoreactive T  cell clones,  isolated  from nonimmune ani- 
mals,  were  used  to  probe  the  T-T  network  concept  postulated  to exist  in  the 
normal immune system. We describe in this report the unique finding that  Lyt- 
1 ÷ but not Lyt-2  + T  cells isolated from normal DBA/2 mice proliferate strongly 
and directly in response to an autoreactive T  cell line and a  clone.  We suggest 
that autoreactive T  cells may function as an important feature of the regulatory 
network and/or lead to the expansion of the T  cell repertoire. 
Materials and  Methods 
Establishment of Autoreactive and Antigen-spec~c T Cell Lines/Clones.  Autoreactive T 
cells  lines  and  clones  designated  PK  were  established  from normal  DBA/2  mice and 
purified  as described  in  detail  elsewhere  (5).  These  cell  lines  were  Thy-1 +,  Lyt-l+2  -, 
L3T4 +, and  Ia-. The  uncloned  PK 4  cell line responded to I d and the clone PK 4.18 
responded to I-E  d determinants. Antigen-specific T cell lines were established as described 
previously (5). TGG(T) and HGG(T) are DBA/2 long-term T  cell lines, cultured for over 
a year, and respond to turkey gamma globulin (TGG) and human gamma globulin (HGG), 
respectively, in association with syngeneic I d molecules. 
Separation of Lyt Subsets oft Cells  from Normal DBA/2 Mice.  Lyt subsets of T cells were 
separated by either positive or negative selection techniques (6-8).  Briefly, spleen cells 
from normal DBA/2 mice (Harlan Sprague-Dawley, Inc., Indianapolis, IN) were enriched 
for T  cells by passage through nylon wool columns and incubated on 100-mm plastic petri 
dishes (Corning Glass Works, Corning,  NY) at 37°C  for 2  h  to remove contaminating 
macrophages.  These  cells  were  treated  with  anti-Ia  d and  complement (C') to  further 
deplete any contaminating la  ÷ B cells and macrophages. Such T  cells, with >98% purity, 
were  then  separated  into  Lyt-l+2  -,  Lyt-l-2  ÷,  and  Lyt-l÷2  + T  cells  by double-positive 
selection with a panning technique (7) as described in detail elsewhere (8). The purity of 
the subsets was >95% as assessed by indirect immunofluorescense. In some experiments 
Lyt-1 +2- T  cells were prepared by treatment of purified T  ceils with anti-Lyt-2.2 +  C'. 
Antisera and Other Reagents.  The monoclonal antibodies,  MK-D6 (anti-I-Ad),  14-4-4 
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FIC~RE  1.  Splenic B cells (A), T  cells (O), or Lyt-1 +2- T  cells (0) isolated from normal DBA/ 
2  mice were stimulated with the irradiated,  autoreactive T  cell clone PK 4.18.  The B  cells 
were obtained by treating spleen cells with anti-Thy-1.2 +  C'. The cultures were incubated at 
37°C for 1-6 d and cell proliferation studied as described in the footnote to Table I. Vertical 
bars represent the SE of the mean cpm. The cpm in cultures containing irradiated PK 4.18 
cells alone was <1,000. 
(anti-I-Ea'k), 30-H 12 (anti-Thy-1.2), 53-7.313 (anti-Lyt-  1), and 53-6.72 (anti-Lyt-2) were 
used as before (5, 9). The following antisera were obtained from the National Institute of 
Health, Bethesda, MD: (B10.Lg X rA.TFR-4) anti-B10.D2 (anti-Ia); (A.BY X B.10.HTT) 
anti-A.TL (anti-I~), and (B10 x  A) anti-B10 D2 (anti-H-2-a).  Recombinant interleukin 2 
(IL-2) was  obtained  from  Genzyme,  Boston,  MA.  The  monoclonal antibody  GK1.5, 
recognizing L3T4 determinants on T cells, was kindly provided by Dr. Charles A. Janeway, 
Jr. (Yale University, New Haven, CT). 
T  Cell Proliferation Assay.  Autoreactive or  antigen-specific  T  cells  to  be  used  as 
stimulators were harvested 4-5 d after culture, and viable ceils were purified by centrif- 
ugation on Ficoll-Hypaque. Unless otherwise mentioned, 3 x  105 responder cells  were 
mixed with 2 x  10  ~ irradiated (2,000 rad) stimulator cells in 0.2 ml medium, in 96-well 
plates. The medium consisted of RPMI  1640 (Gibco Laboratories, Grand  Island,  NY) 
supplemented with 2 mM L-glutamine, 50 mM 2-mercaptoethanol, 40 #g/ml gentamycin, 
10 mM Hepes, and 10% fetal calf serum (5, 8). 
Results 
Kinetics of T-TInteraction.  The kinetics of the proliferative response of normal 
DBA/2  splenic B lymphocytes, T  lymphocytes, and Lyt-l+2  -  T  cells stimulated 
with the irradiated, autoreactive T  cell clone (PK 4.18) is shown in Fig.  1. B cell 
proliferation, described at length elsewhere (5), peaked on day 2, followed by a 
gradual decline, whereas the response of unseparated T  cells or Lyt-1 +2- T  cells 
peaked on days 4 or 5. Thus, in all subsequent experiments, the T-T interaction 
was  studied  on  day  4.  The  Lyt-l+2  -  T  cells responded  to irradiated  PK  4.18 
cells in a dose-dependent fashion (data not shown). 
Lyt-1 +2-  Cells  But Not  the  Other Subsets  of T  Cells  Proliferate  in  Response  to 
Autoreactive  T  Cells.  Lyt-l+2  -  T  cells from  normal  DBA/2  mice proliferated 
strongly when stimulated with the irradiated, syngeneic autoreactive T  cell line 
(PK  4)  or  clone  PK  4.18  (Table  I).  In  contrast,  Lyt-l-2  +  or  Lyt-l+2  + T  cells 
showed only a  minor response, probably due to only few Lyt-l+2  -  cells contam- 
inating the cultures. Treatment of responder or stimulator cells with anti-Thy- 
1.2  plus  C'  or  anti-Lyt-1  plus  C',  but  not  by  anti-Ig  plus  C',  abolished  the 
proliferative response (data not shown), suggesting that both the responder and NAGARKATTI  ET  AL.  BRIEF  DEFINITIVE  REPORT 
TABLE  I 
Lyt-1+2- T CeUs  from Normal DBA/2 Mice Proliferate in Response 
to Autoreaetive T Cell Line~Clone 
Responder cells*  Stimulator cells  Cell proliferation 
Exp.  (H_2 d)  (H-2  a)  (cpm 4- SE) 
1  Lyt-l+2  -  --  3,081 4- 525 
Lyt-l÷2  -  PK 4  95,908 4- 3,544 
Lyt-l-2  +  --  567 4- 31 
Lyt-l-2  +  PK 4  5,142 4- 2,097 
Lyt-l+2  ÷  --  537 4- 35 
Lyt-l÷2  +  PK 4  1,427 4- 304 
Lyt-l+2  + +  Lyt-l-2  ÷  PK 4  5,747 4- 1,928 
PK 4  Lyt-l÷2  -  665 4- 112 
PK 4  Spleen cells  34,888 4- 3,842 
--  PK 4  562 4- 54 
Lyt-l+2  -  --  646 4- 310 
Lyt-l*2-  PK 4.18  61,202 ±  3,185 
Lyt-l-2  ÷  --  1,321 4- 163 
Lyt-l-2  ÷  PK 4.18  7,407 4- 644 
Lyt-l÷2  ÷  --  219 4- 34 
Lyt-l÷2  ÷  PK 4.18  2,957 4- 25 
--  PK 4.18  483 4- 82 
* Responder T  cell subsets were obtained from normal DBA/2 mice and purified by 
positive selection.  The proliferative response  of  Lyt subsets  and  PK  4  cells  to 
irradiated stimulators was assayed on days 4 and 2, respectively, by adding [SH]- 
thymidine (2 #Ci/well) during the last 18 h of culture. 
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stimulator cells were Lyt-l+2  -  T  cells. 
Lyt-1 +2- T Cells Proliferate Directly in Response to Autoreactive T Cells, Independ- 
ently  of Class H  MHC Molecules.  Experiments were carried out to substantiate 
that the  Lyt-l÷2  -  T  cells responded directly to autoreactive T  cells and not to 
contaminating Ia  + cells. Treatment of PK 4.18 cells with anti-Ia  d plus C' did not 
inhibit their stimulatory activity (data not shown).  Furthermore, PK 4  cells did 
not  proliferate  when  stimulated  by  irradiated  Lyt-l+2  -  cells,  suggesting  that 
there was not a significant number of contaminating Ia  + cells in the lymphocyte 
cultures (Table I). 
Anti-Ia  d antibodies  or  monocional  antibodies  directed  against  I-E  d  or  I-A  d 
failed  to inhibit  the  response  to  Lyt-l+2  -  T  cells to the autoreactive  PK  4.18 
clone (Table II). In contrast, antibodies to Iad and I-E  d suppressed the autoreac- 
tivity of the  PK 4.18 clone.  Neither anti-H-2  d serum nor anti-Lyt 2  antibodies 
inhibited the T-T interaction, thereby also excluding the involvement of a class 
I-restricted  interaction  (data  not  shown).  It  was  interesting  to  note  that  anti- 
L3T4 antibodies blocked the T-T cell interaction (Table II). 
Lyt-1 ÷2- T  Cells  Respond Only to an Autoreactive  T  Cell Clone/Line But Not to 
Antigen-specific  T  Cell Lines or Other  T  Cells  Isolated from DBA/2  Mice.  Long- 
term cultured TGG- or HGG-specific T  cell lines, Con A-activated T  cells from 
normal  DBA/2  mice, and  Lyt-l+2  ÷ or  Lyt-l-2  + T  cells, all  failed to stimulate 
syngeneic Lyt-l+2  -  T  cells (Table III). Also, recombinant IL-2 or supernatants 
obtained  from  the  cultures  of  autoreactive  PK  4.18  T  cells  and  irradiated 
syngeneic  spleen  cells,  failed  to  induce  the  proliferation  of Lyt-l+2  -  T  cells, 
suggesting that cell-cell interaction was essential for the growth of Lyt-l+2  -  T 
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TAnLE  II 
Anti-la d But Not Anti-L3T4 Antibodies Inhibit the T-T Cell Interaction 
Exp. 
Dilution of  Proliferative response in cultures* (cpm ±  SE) 
antibody added  PK 4.18 +  syngeneic 
to cultures  Lyt-l+2  -  cells +  PK 4.18  spleen cells 
1  Anti-la  a 
Anti-la  k 
2  Anti-lE  d 
Anti-lA  a 
3  Anti-L3T4 
--  80,116 ±  5046  16,684 ±  700 
1:40  118,920 ±  8786(0)*  5,126 ±  385  (70) 
1:80  115,105±419  (0)  5,464±  1120(63) 
1:40  133,841  ±  7522(0)  17,096 ±  519  (0) 
--  16,289 -+ 108  95,322 -  3106 
1:50  16,438 ±  2770(0)  53,728 ±  2529 (44) 
1:50  18,377+675  (0)  100,077±6535(0) 
--  49,373 ±  5924  34,895 ±  1546 
1:10  9,816 ±  3117(80)  14,051  ±  1395 (60) 
1:100  42,000 +  803t (15)  33,175 ±  2905 (5) 
* The cultures consisted of either Lyt-l+2  -  T  cells, obtained by negative selection and stimulated with irradiated 
PK  4.18,  or  responder  PK  4.18  cells (105)  stimulated with irradiated syngeneic spleen cells (2  x  105).  The 
proliferative response was measured as described in the footnote to Table 1. 
* The numbers in parentheses represent percent inhibition of the response. 
TABLE  III 
Lyt-l+2- CeUs  from DBA/2 Mice Respond Only to Autoreactive But 
Not to Antigen-specific T Cells* 
Responder cells  Stimulator cells  Cell proliferation 
(H-2  a)  (H-2  a)  (cpm +  SE) 
Lyt-l+2  -  --  646 ±  310 
PK-4  61,202 ±  3185 
PK 4.18  36,934 -  7466 
TGG(T)  938 +  171 
HGG(T)  3,483 ±  1682 
Con A(T)  1,089 ±  164 
Lyt-l+2  +  1,286 ±  133 
Lyt-l-2  +  637 ±  89 
IL-2  3,119±  1100 
Culture supernatant  2,624 ±  797 
--  PK 4  352 ±  85 
--  PK4.18  736±  35 
*  Lyt subsets were prepared by positive selection. Con A-activated T  cells 
were prepared  by culturing DBA/2  spleen cells with Con  A  for 48 h  at 
37 °C, at which time the cultures were enriched for T  cells by removing 
macrophages  and B  cells. Recombinant  IL-2 was used at a  final dilution 
of 200  U/ml.  The  culture supernatant  was obtained from  the cultures 
of  autoreactive  clone  PK  4.18  stimulated  with  irradiated  syngeneic 
spleen cells for 24 h  at 37°C and used at a  final concentration of 25%. 
Discussion 
In the present study we observed that Lyt-l+2  -  T  cells from normal DBA/2 
spleen  cells  responded  directly to  a  syngeneic,  irradiated,  autoreactive  T  cell 
line/clone.  Since  this  T-T  interaction  was  independent  of antigen-presenting 
ceils  and  Ia  molecules,  we  suggest  that  the  Lyt-l+2  -  T  cells  recognized  and 
proliferated directly in response to the autoreactive T  cell receptor.  From the 
present study, it was difficult to conclude whether the T-T interaction observed 
was uni- or bidirectional. Our findings of a  unidirectional response could result 
from a  limited frequency of Lyt-l+2  -  T  cells for the receptor on autoreactive T 
cells (as observed  for the number of blasts  in  the cultures) and  the  unselected NAGARKATTI  ET  AL.  BRIEF  DEFINITIVE  REPORT  379 
Lyt-l+2  - T  cells, when used as stimulators, failing to provide a sufficient number 
of receptor targets for the autoreactive T  cells to recognize and respond to. A 
bidirectional T-T interaction, independent of antigen-presenting cells, was dem- 
onstrated at the clonal level by Lamb and  Feldman  (10) who isolated a  human 
suppressor T  cell clone responding to a helper T  cell clone. 
Although  the nature and significance of the T-T interaction  observed in the 
present study has yet to be delineated, several possibilities exist. One possibility 
is that  the autoreactive  cell  lines expressed variant  class  II  MHC molecules to 
which  the  Lyt-l+2  -  T  cells  responded.  This  is,  however,  unlikely,  since  Ia- 
restricted  T  cell stimulation  generally requires accessory cell function. Second, 
if the T-T interaction  is considered to be unidirectional,  the autoreactive T  cells 
may positively select a large pool of Lyt-1 +2- T  cells which would then undergo 
somatic  diversification  to  expand  the  T  cell  repertoire.  Third,  the  Lyt-l+2  - 
response to autoreactive T  cells may be part of a regulatory network controlling 
the activity of autoreactive T  cells. A  fourth,  and perhaps  most exciting,  possi- 
bility is based on a model by Sire and Augustin (11) that hypothesizes that internal 
images of MHC antigens on T  cell receptors play a role in the generation of the 
T  helper  cell  repertoire.  Based  on  this  model  and  our  data,  it  appears  that 
autoreactive  T  cells  may  represent  the  first  set  of  T  cells  (T1)  selected  to 
proliferate by thymic self-Ia molecules. These cells, in turn, could induce prolif- 
eration of cells, like the responding  Lyt-l+2  -  T  cells (T11), that  have receptors 
resembling internal  images of self-Ia. This  T-T  interaction  could result in  the 
expansion and somatic diversification of both T  cell types. Due to this diversifi- 
cation, antigen-specific T  cells that might arise from the autoreactive T  cell pool 
would no longer interact strongly and directly to self-Ia but could see antigen in 
association with Ia. 
The  internal  image  concept  is  supported  by  the  demonstration  of T  cell 
hybrids reacting specifically to an anti-alio-Ia-specific T  cell hybrid (11) and by 
a similar reactivity reported in the present investigation.  If the Lyt-l+2  -  T  cells 
express  internal  images  of Ia  d molecules,  the  failure  of anti-Ia d antibodies  to 
interact with the receptors on Lyt-l+2  - T  cells remains unresolved, although this 
can be explained if an internal  image of an Ia epitope is not strictly identical to 
the Ia epitope it mimics (11). Questions concerning the directionality and other 
facets  of  the  T-T  interaction  are  currently  being  approached  through  the 
isolation of Lyt-l+2  -  T  cell clones directed to autoreactive T  cells and develop- 
ment of monoclonal antibodies to the autoreactive T  cell receptor. 
Summary 
In  the present communication,  we describe the unique observation that  Lyt- 
1  +2-, L3T4 + T  cells but not Lyt-2  + T  cells isolated from the spleens of normal, 
unimmunized  H-2 d  mice  proliferate  strongly  and  directly  to  an  irradiated, 
syngeneic, Lyt-1 +2-, L3T4 +, Ia- autoreactive T  cell line/clone. In contrast, Lyt- 
1  +2- T  cells failed to proliferate when stimulated by long-term, antigen-specific, 
H-2a-restricted  T  cell  lines.  Supernatants  from  the  cultures  of autoreactive  T 
cells or recombinant interleukin  2 (IL-2) alone, failed to induce proliferation of 
the Lyt-l+2  -  T  cells, suggesting that cell-cell interaction  is essential for growth. 
In addition,  the proliferative  response of Lyt-l+2  -  T  cells was independent  of 380  NAGARKATTI ET  AL.  BRIEF  DEFINITIVE REPORT 
la  + antigen-presenting cells and was not blocked by either anti-la  d or anti-H-2  d 
antibodies,  but  was  inhibited  by anti-L3T4  antibodies.  All  these  observations 
suggested that the responding Lyt-1 +2- T  cells were recognizing the anti-self-Ia 
receptor expressed on autoreactive T  cells and that such T  cells might therefore 
express  the  internal  image  of self-Ia  determinants.  We  suggest  that  the  T-T 
interactions  observed  may  represent  interactions  between  two  helper  T  cell 
subpopulations at the idiotope level and that autoreactive T  cells may function 
as an important feature of the regulatory network and/or lead to the expansion 
of the T  cell repertoire. 
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